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2	(y) are multi-valued on the circle, it is convenient to




	(y + 2R) ; (3)
where the matrix U
~

depends on the real parameters
~
,
but not on the space-time coordinates. A well-known
consistency condition [3, 4] between the twist and the







= Z : (4)
















T; Zg = 0.




T is purely o-diagonal
in the basis of eq. (2).





allow the elds to jump at the orbifold xed points:
	(y
q




  ) ; (5)
where y
q
= qR, q 2 Z, 0 <   1 and U
q
is a global
symmetry transformation. The jumps across points re-
















= Z : (7)
The physical spectrum is controlled by the Scherk-
Schwarz twist and by the jumps at the orbifold xed
points. The discontinuities are the result of mass terms
localized at the xed points. In the next section, we
shall see that the mass terms can be described by more
than one brane action. We will also see that the the-
ory with discontinuities is equivalent to a conventional
Scherk-Schwarz theory with a modied twist. In partic-
ular, it is possible for the discontinuities to completely
remove the symmetry breaking induced by the twist!
EXAMPLE
To illustrate our mechanism in a simple setting, we
consider the equation of motion for a free 5D massless










	 = 0 ; (8)
valid in each region y
q
< y < y
q+1
of the real axis. In





















The equation of motion (8) is invariant under global
SU (2) transformations of the form 	
0
= U	, where
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for any q 2 Z.
We seek solutions 	(y) to eq. (8), with the boundary






































Here (y) is the `sign' function dened on S
1
, and
(y) = 2q + 1 ; y
q
< y < y
q+1
; (q 2 Z) ; (15)
is the `staircase' function that steps by two units every
R along y. The function (y) satises





so the solution (12) has the correct Scherk-Schwarz twist.
Sample solutions are shown in Fig. 1.
The spectrum (13) is characterized by a uniform shift
with respect to a traditional Kaluza-Klein compactica-
tion. In contrast to the usual Scherk-Schwarz mecha-





, as well as on the twist . In particular, it is pos-
sible to have a vanishing shift for nonvanishing . In
the limit Æ
q
! 0, our results reduce to the conventional
Scherk-Schwarz spectrum. Note that the eigenfunction
of eq. (12) is discontinuous: the even part has cusps and
the odd part has jumps at y = y
q
, as required by the
boundary conditions. In the limit Æ
q
! 0 the eigenfunc-
tion becomes regular everywhere.
For any Æ
q
, the system is equivalent to a conventional







. The new eld variable, 	
c
, is related to the

















































=2. In each case,
the plot for y < 0 is obtained by reection, consistent with
the parity symmetry.
This is reminiscent of strong CP violation, where the





is the quark mass matrix. Sim-
ilarly, the mass shift of our system is controlled not by 
alone, but by the twist 
c
, which includes contributions
from jumps in the fermion elds. As in QCD, where we
can eliminate the phase in detm
q
by a chiral transforma-
tion, here we can remove the jumps by a redenition of
the fermion elds. In the new basis, there are no jumps,
but the twist acquires an additional contribution.
Discontinuous eld variables arise from mass terms lo-
calized at the xed points. This can be seen by starting




terized by a twist 
c
























































) = L( ) + L
brane


































We see that the jumps Æ
q
arise from fermion mass terms
localized at the orbifold xed points.
The discontinuities of the elds can be recovered by
integrating the equations of motion. The trick is to nd
the correct equations. We avoid all subtleties associated
with discontinuous eld variables by dening the term
that appears in the brane action to be continuous across
the orbifold xed points. For the case at hand, this means









is continuous. Alternatively, one can
obtain the equations of motion by rst regularizing the





then taking the singular limit.
It is interesting to note that the same physical system
can be obtained from another brane Lagrangian, one in
which we treat the even eld  
1
(y) as continuous. The





















































In this case, we vary with respect to  
1
(y) and  
2
(y); the
discontinuous eld  
2
(y) does not appear in the brane
Lagrangian.
In summary, the brane Lagrangians (20) and (23) give
rise to equivalent theories in the absence of brane interac-
tions, provided we use an appropriate procedure to derive
the equations of motion.
CONCLUSIONS
In this letter we have studied coordinate dependent
compactications of eld theories on orbifolds. We have
seen that the mass spectrum depends on an overall twist
of the elds, together with the jumps of the elds at the
orbifold xed points. Such compactications can break
the symmetries of a theory, either global and local. The
order parameter is nonlocal, in the sense that it is deter-
mined by a combination of the twist and the discontinu-
ities.
In a supersymmetric Yang-Mills theory, for example,





. From a 4D point of view, this typically breaks
the N = 1 supersymmetry that survives the orbifold pro-
jection. Note, though, that it is possible for supersym-
metry to remain unbroken. For instance, when  = 0,
supersymmetry is preserved in the presence of opposite,
nonvanishing jumps at y = y
2q
and y = y
2q+1
, in analogy
with a phenomenon rst discussed inM -theory [9]. This





come in n distinct copies, in which




have a non-trivial structure in avor space.
It is important to note that our mechanism provides
a self-consistent way of introducing other interaction
terms, such as Yukawa couplings, or even kinetic terms,
that are localized at the xed points. Such terms will
always occur in non-renormalizable theories, including
supergravity, where the kinetic terms typically have a
non-canonical (and non-renormalizable) form.
It would be interesting to nd string realizations of our
mechanism, which so far are missing. These would give
rise to models where mass terms for the untwisted elds
are localized at the xed points of a non-freely acting
orbifold.
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